Abstract-Industry 4.0 is being presented as the fourth industrial revolution in which intelligent machines, advanced sensors, and smart logistic networks and suppliers will be connected to the internet of things. Such an intelligent network would create a cyber-physical system that scan store all of the supply chain data in the cloud and allow access to these data through different devices connected to the internet. Thus, the factory of the future could be established. This project proposes the creation of a manufacturing cell at the shop floor level based on the concepts of Industry 4.0. The effects on production of industry 4.0 emerging with this mind is very important. Therefore, the impacts in production of industry 4.0 are examined in this paper.
I. INTRODUCTION
Over the last three decades, the evolution of information technology (IT) has transformed the world we live in, generating new business models and influencing industries in such a way that global consumers are changing their way of consumption [1] . In 2011, the number of interconnected devices on the planet exceeded the world population [2] , thereby presenting an exciting scenario that can still be explored. Also in 2011, the German government facilitated a conference in the city of Hannover to present to the world a novel initiative called Industry 4.0, which aims to make factories more competitive, flexible, connected, and collaborative. These factories would also feature intelligent logistics systems that can store all of their data flows in the cloud, thereby facilitating the control and management of manufacturing systems over the Internet and in real time [3] .
Based on medium-term projections, companies that do not invest in improving their efficiency would essentially be compromising their survival. Without improved efficiency, these companies would be unable to guarantee the levels of quality, precision, and demand required by the current market. In this regard, the structure of Industry 4.0 could dictate new directions for establishing an efficient and intelligent factory [4] - [6] . The current industry setup uses the following structure for establishing advanced automation: (i) Level 1 (I/O): shows the inputs and outputs of devices installed on the factory floor; (ii) Level 2 (Programmable Logic Controller -PLC): shows the controllers that establish the control logic of machines and devices; (iii) Level 3 (Supervisory): shows the systems that monitor and supervise the information inherent in the machines and devices of the factory floor; (iv) Level 4 (MES): refers to the management system of information flow in the production process and is related to the production system; and (v) Level 5 (ERP): refers to the management system of the production chain and involves sales, purchasing, human resources, quality, engineering, production, and logistics, among others. Fig. 1 illustrates the automation technology of modern plants [7] . Prior to discussing individual aspects of communication, it is important to consider the structure of future automation systems. Today, automation consists of several clearly separated levels (Fig. 1) . This represents the well-known automation pyramid with actuators and sensors at the field level; control devices, I/O modules and operator terminals in the control level; and then the process management level with computers for engineering, supervisory control and data acquisition (SCADA) and MES systems. Finally, there is the enterprise level with business processes and ERP systems, typically located on servers in the IT data center. Each of these levels is relatively well structured; individual devices can be clearly mapped to one of the levels. With Industry 4.0, this will change to a certain point. If you consider the equipment, the field level will remain as a separate dedicated level. The actuators and sensors are the physical interfaces to the process, so they will always exist, but they will embed more and more intelligence. As parts of "Cyber Physical Systems," they will autonomously perform many processes.
All functions located above the field level will potentially move to high-performance servers located in a server cluster, data center or in a "cloud." Virtualization, the separation of specific functions and processing hardware,
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The present research is relevant because it intends to automate a didactic manufacturing cell, which is installed in the Federal Institute of São Paulo, Campus São Paulo, Brazil. The proposed system allows implementation of the data acquisition process of the field level via PLC and supervisory systems, storage of the obtained data in the cloud computing, and making them available to the related MES and ERP systems and various users via the Internet of Things (IoT). Fig. 2 illustrates the Smart Factory vision proposed. This paper is organized as follows. Section 2 gives a brief description about impacts of industry 4.0 in manufacturing, main pillars of industry 4.0, Internet of things, cyberphysical and big data. Section 3 presents results and discussions. Finally, section 4 presents the conclusion.
II. IMPACTS OF INDUSTRY 4.0 IN MANUFACTURING
The impact of Industry 4.0 goes beyond simple digitization as it takes on a much more complex form of innovation based on a combination of multiple technologies. This setup will force companies to rethink how they manage their business and processes, how they position themselves in the supply chain, and how they think about the development of new products; it will also introduce them to a larger market and help them adjust their marketing and distribution actions [8] .
A. Main Pillars of Industry 4.0 Industry 4.0 heavily focuses on continuous improvement in terms of efficiency, safety, operational productivity, and, especially, return on investment. Various technologies and trends for this concept are available. The main pillars of the intelligent industry are presented below [9] - [11] :
 IoT  Cyber-Physical Systems (CPS)  Big Data
B. Internet of Things
The term IoT refers to physical and virtual objects connected to the Internet. It was developed at the Massachusetts Institute of Technology in 1999 by a group working in the area of identification by radio frequency. Since then, it has been improved by the emergence and widespread use of increasingly small and inexpensive sensors, as well as advancements in mobile devices, wireless communications, and cloud technologies.
The IoT is also defined as the industrial internet, being a new technology in which global networks of machines and devices are capable of interacting with other networks [12] , [13] . Thus, the connectivity between intelligent mobility, logistics, buildings, devices, and smart grids could form a form of a smart factory. Today, IoT is part of our daily lives. It is always present when we use the cell phone to turn on the television, switch on the kitchen oven outside the office, check the production of the power system, or find the fastest way to get from point A to point B, taking into account traffic conditions. To monitor and control production environments in real time, to check the conditions of equipment, and, if necessary, to schedule or let the equipment itself organize its maintenance, intelligent cars are monitored regularly and make safety decisions (i.e., stop, analyze road conditions, and self-adjust) or even request help [14] .
Companies can use the internet to build and supply a large number of new services that go beyond the reservation of flights or purchase of books. Services that are available on the separate site (Web) could be combined and linked together, resulting in value-added services [15] . This new approach to the Internet of Services is the natural evolution of the IoT. The connectivity and interaction of things to create services of perceived value to the customer is one of the strongest motivators of this development and could open a new world of opportunities and challenges.
C. Cyber-Physical Systems
CPS are systems that integrate computing, communication networks, embedded computers, and physical processes interacting with and influencing each other. It is the result of the technological evolution of computers, sensors, and communication networks, which, by evolving in the direction of greater agility, processing capacity, and increasingly accessible prices, has allowed them to be combined effectively and in real time [12] , [13] .
If we consider communication networks only as a powerful facilitator, the heart of CPS is embedded systems. Embedded systems are information-processing systems built-in with other major products or equipment. The tasks that, until now, were traditionally performed by computers dedicated only to the acquisition of information from traditional automation are now being transferred to these new systems with dimensions and performance adjusted to the new necessities. Computers, as we know them, are increasingly disappearing, creating space for a new concept of ubiquitous computing.
D. Big Data
The term Big Data refers to large amounts of data resulting from the existence of millions of systems currently connected to the network (IoT) and producing real-time data. This concept raises some questions that large technology companies have been struggling to resolve: Where can data be stored securely and made accessible from anywhere? How can this data be processed so that it can have meaning and allow organizations to improve operations with faster and smarter decisions?
With so much data generated continuously, powerful analytical tools are necessary to give meaning to them. Data are numbers, words, or other signals and represent discrete facts about an objective reality. They can be verified and validated but have no meaning if they are not interpreted and contextualized to give rise to information. Information tends to evolve, leading to the creation of theories and predictions of the future.
The Data Information Knowledge Wisdom (DIKW) pyramid is not an exact concept. Also known as the Knowledge Pyramid, the DIKW pyramid represents an informational hierarchy used mainly in the fields of Information Science and Knowledge Management; here, each layer adds certain attributes to the previous one [16] - [17] . Fig. 3 illustrates the DIKW pyramid used for several years in the area of IT and reflects the various levels of information and their relationship. 
III. RESULTS AND DISCUSSIONS
The connectivity between shop floor automation devices (IoT level) and management systems (IT level) is becoming an essential research and innovation concept that will be demonstrated in this work to make the Industry 4.0 paradigm an industrial reality. The architecture of the system follows the ISA'95 standard enterprise architecture, which means the components of the proposed system are assigned to the corresponding levels of the ISA'95 model. A middleware acts as a common interface between these systems. The basic requirements for this middleware are interfaces to lower-level systems via OPC-UA and upperlevel systems via a database. To perform the practical tests of this work, a laboratory environment compatible with the concept of Industry 4.0 was developed: (i) IoT, (ii) CPS and, (iii) connectivity between the shop floor and IT levels.
Figç 4 shows the manufacturing didactic mini-cell used for experimental testing of the developed system. The system consists of: (i) PC Microcomputers, (ii) PLC, (iii) Human Machine Interface, (iv) Supervisory System, and (v) Switch/Router. To automate the production line and integrate the communication networks and embedded computers, an IoT based on the PLC was initially created. A CPS was then developed to allow simulation of the data exchange between the factory floor and Big Data (the cloud). The main function of the implemented CPS was to integrate IT systems (i.e., MES and ERP systems), communication networks, PLCs, and physical processes.
The CPS was developed using Grafcet language, which is usually applied to program PLCs, and Ethernet TCP/IP network technology was used to monitor the various parameters of the manufacturing cell based on the SCADA supervisory system.
The SCADA supervisory system employed in the CPS allowed monitoring and tracking of information related to the production process. The OPC-UA was the industry standard adopted for the interconnectivity of manufacturing cell devices. This standard allows industrial applications with different protocols to exchange data between each other and enables data access by one or more computers that use a client/server architecture.
IV. CONCLUSIONS
In this paper, we focused on the IoT architecture and information-based interaction of industrial environments in Industry 4.0. The implemented CPS showed consistent results, indicating the possibility of storing the production data of manufacturing cells in a database (Big Data). Programming of the PLC was performed using Grafcet language. A supervisory system was developed to monitor the manufacturing cell through Elipse SCADA software, and the Ethernet TCP/IP industrial communication network was configured by connecting the PLC to the supervisory system. The OPC protocol was used to acquire the data of the supervisory system and store them in the cloud (Big Data), following the concepts of Industry 4.0. With the support of this architecture, some innovative industrial applications can be realized through well-defined APIs.
